Intrauterine growth retardation (IUGR) is one of the major causes of short stature in childhood. Although postnatal catch-up growth occurs in the majority of IUGR children, approximately 20% of them remain permanently short. The mechanisms that allow catch-up growth or, on the contrary, prevent IUGR children from achieving a normal height are still unknown. Our aim was to investigate whether intrauterine reprogramming of hypothalamic-pituitary-adrenal axis may be involved in postnatal growth retardation of IUGR children through a modulation of the function of the IGF system. Anthropometry, IGF system assessment, cortisol measurement, and lipid profile evaluation were performed in 49 IUGR children. Children were subdivided into two groups according to their actual height corrected for midparental height: CG (catch-up growth) group, 19 children with corrected height Ն0 z-score; and NCG (noncatch-up growth) group, 30 subjects with corrected height Ͻ0 z-score. CG children showed significantly higher birth weight (p Ͻ 0.005) and body mass index (p Ͻ 0.05). No significant differences in IGF-I, IGF-II, IGF binding protein (IGFBP)-1, IGFBP-3, soluble IGF-II receptor levels (IGF2R), IGF-II/IGF2R ratio, and relative amounts of IGFBP-3 circulating forms were found between CG and NCG children. None of the IGF system-related variables correlated with anthropometric indices. NCG children showed significantly higher concentrations of cortisol (p Ͻ 0.005) and cortisol levels resulted inversely to birth weight (r ϭ Ϫ0.34, p Ͻ 0.05), birth length (r ϭ Ϫ0.36, p Ͻ 0.05), and corrected height (r ϭ Ϫ0.44, p Ͻ 0.01). Whereas total and HDL cholesterol concentrations were not significantly different in the two groups, LDL cholesterol levels were significantly higher in NCG children (p Ͻ 0.05), and five of 49 showed LDL cholesterol concentrations Ͼ3.4 mM (130 mg/dL). LDL cholesterol was inversely related to birth weight (r ϭ Ϫ0.31, p Ͻ 0.05), corrected stature (r ϭ Ϫ0.32, p Ͻ 0.05), and actual height (r ϭ Ϫ0.31, p Ͻ 0.05) and directly related to the levels of IGF2R (r ϭ 0.44, p Ͻ 0.01). Reanalysis of 15 of 30 IUGR newborns in whom we previously reported an inverse relationship between cord blood cortisol levels and first trimester length gain (r ϭ Ϫ0.54, p Ͻ 0.005) showed that the relative amount of the IGFBP-3 18-kD fragment was related inversely to cortisol (r ϭ Ϫ0.67, p Ͻ 0.01) and directly to early postnatal growth (r ϭ 0.65, p Ͻ 0.05). Our results suggest that catch-up growth in IUGR children might be affected by intrauterine reprogramming of hypothalamicpituitary-adrenal axis, which may result in a permanent modification of the neuroendocrine response to stress: children with increased cortisol secretion may be at higher risk of growth failure. During the neonatal period cortisol might act by limiting IGFBP-3 proteolysis and, therefore, reducing IGF bioavailability. 
Intrauterine growth retardation (IUGR) is one of the major causes of short stature in childhood. Although postnatal catch-up growth occurs in the majority of IUGR children, approximately 20% of them remain permanently short. The mechanisms that allow catch-up growth or, on the contrary, prevent IUGR children from achieving a normal height are still unknown. Our aim was to investigate whether intrauterine reprogramming of hypothalamic-pituitary-adrenal axis may be involved in postnatal growth retardation of IUGR children through a modulation of the function of the IGF system. Anthropometry, IGF system assessment, cortisol measurement, and lipid profile evaluation were performed in 49 IUGR children. Children were subdivided into two groups according to their actual height corrected for midparental height: CG (catch-up growth) group, 19 children with corrected height Ն0 z-score; and NCG (noncatch-up growth) group, 30 subjects with corrected height Ͻ0 z-score. CG children showed significantly higher birth weight (p Ͻ 0.005) and body mass index (p Ͻ 0.05). No significant differences in IGF-I, IGF-II, IGF binding protein (IGFBP)-1, IGFBP-3, soluble IGF-II receptor levels (IGF2R), IGF-II/IGF2R ratio, and relative amounts of IGFBP-3 circulating forms were found between CG and NCG children. None of the IGF system-related variables correlated with anthropometric indices. NCG children showed significantly higher concentrations of cortisol (p Ͻ 0.005) and cortisol levels resulted inversely to birth weight (r ϭ Ϫ0.34, p Ͻ 0.05), birth length (r ϭ Ϫ0.36, p Ͻ 0.05), and corrected height (r ϭ Ϫ0. 44 , p Ͻ 0.01). Whereas total and HDL cholesterol concentrations were not significantly different in the two groups, LDL cholesterol levels were significantly higher in NCG children (p Ͻ 0.05), and five of 49 showed LDL cholesterol concentrations Ͼ3.4 mM (130 mg/dL). LDL cholesterol was inversely related to birth weight (r ϭ Ϫ0.31, p Ͻ 0.05), corrected stature (r ϭ Ϫ0.32, p Ͻ 0.05), and actual height (r ϭ Ϫ0.31, p Ͻ 0.05) and directly related to the levels of IGF2R (r ϭ 0.44, p Ͻ 0.01). Reanalysis of 15 of 30 IUGR newborns in whom we previously reported an inverse relationship between cord blood cortisol levels and first trimester length gain (r ϭ Ϫ0.54, p Ͻ 0.005) showed that the relative amount of the IGFBP-3 18-kD fragment was related inversely to cortisol (r ϭ Ϫ0.67, p Ͻ 0.01) and directly to early postnatal growth (r ϭ 0.65, p Ͻ 0.05). Our results suggest that catch-up growth in IUGR children might be affected by intrauterine reprogramming of hypothalamicpituitary-adrenal axis, which may result in a permanent modification of the neuroendocrine response to stress: children with increased cortisol secretion may be at higher risk of growth failure. IUGR is one of the major causes of short stature in childhood, and although postnatal CG occurs in the majority of IUGR infants, approximately 15-20% of these children reach a final height lower than their genetic potential (1, 2) . The mechanisms that allow CG in IUGR children or, on the contrary, prevent them from achieving a normal height are still unknown (3, 4) .
IGF-I and IGF-II circulate bound to high-affinity IGFBPs (IG-FBP-1 through -6), which reduce IGF bioavailability (5) . Approximately 75% of circulating IGFs are bound in a ternary complex, consisting of IGF peptide, IGFBP-3, and an acid-labile subunit (6) . The IGFBP-3 molecule may be processed by specific proteases (7, 8) , which yield fragments with reduced affinity for IGFs, thus leading to increased IGF bioavailability (9) . The balance between IGF concentrations and IGF bioavailability may therefore represent a fine mechanism of growth modulation. We have recently described the presence of IGFBP-3 proteolytic activity in sera of newborns and infants with IUGR, suggesting the intervention of at least two different proteases that break the IGFBP-3 molecule into two different fragments and eventually lead to increased IGF bioavailability (4) .
Epidemiologic studies have shown that IUGR subjects would be at risk of developing non-insulin-dependent diabetes mellitus, hypertension, hyperlipidemia, and cardiovascular diseases in adult life (10 -12) . To explain this association the concept of reprogramming was introduced: intrauterine malnutrition would induce fetal adaptation finalized to minimize the energy expenditure for growth and to favor survival and development of vital organs, such as brain. When the exposure to an insufficient supply of nutrients occurs during critical periods of fetal life, it would permanently affect the development and function of the endocrine system.
The function of the HPAA can be permanently programmed during development (13) , although the pathophysiologic mechanisms remain unclear. In animals, exposures to glucocorticoids in prenatal and early postnatal life may imprint the rodent HPAA, resulting in permanent modification of the neuroendocrine response to stress throughout life (14, 15) . In monkeys, dexamethasone treatment during pregnancy induces a reduction in hippocampal volume and an increase in plasma cortisol levels in postnatal life (16) . In the fetus of the ewe undernourished in the first half of gestation, the responses of the HPAA to hypoxia or exogenous corticotrophin-releasing hormone are diminished in utero but exaggerated after birth (16) . In rats, maternal undernutrition is able to induce both IUGR and fetus overexposure to maternal corticosterone, leading to HPAA dysregulation in newborns (17) . In human, Phillips et al. (18) have recently suggested that elevated cortisol concentrations might represent a link between low birth weight and insulin resistance.
We have recently reported that cortisol levels correlate positively with IGFBP-1 and negatively with IGF-I in newborns with birth weight appropriate for gestational age (19) . Moreover, in IUGR infants, we found an inverse relationship between plasma cortisol values and the length gain in the first trimester of life (19) .
Our aim was to investigate whether intrauterine reprogramming of HPAA may be involved in postnatal growth retardation of IUGR children through a modulation of the IGF system function, and in the present study we have related postnatal CG to cortisol levels and IGF system status.
METHODS

Subjects and anthropometry.
Forty-nine IUGR children (22 boys and 27 girls, aged 9.2 Ϯ 3.3 y) born at term with a birth weight below the 10th centile for gestational age (20) and attending the Outpatient Growth Clinic of the Department of Pediatrics of 'Tor Vergata' University in Rome were investigated. Children with malformations or genetic disorders were excluded. All children underwent anthropometric measurements using the growth standards of Tanner and Whitehouse (21) . Height was expressed as z-score for chronological age and sex according to the following formula: z-score ϭ (x Ϫ average x)/SD where x is the actual height, average x is the mean of the height at that age and for that sex, and SD is the SD from the mean. MPH was used as an indicator of genetic growth potential: MPH for boys (cm) ϭ father height ϩ (mother height ϩ 13) / 2; MPH for girls (cm) ϭ mother height ϩ (father height Ϫ 13) / 2. Both parents of each child were measured in our clinic. Children's statures were corrected for their MPH according to the formula: corrected height (z-score) ϭ actual height (z-score) Ϫ MPH (z-score). Children were subdivided into two groups according to their corrected height: CG group, children with corrected height Ն0 z-score; and NCG group, subjects with corrected height Ͻ0 z-score. In IUGR children with actual or corrected height ՅϪ2 z-score, GH deficiency was ruled out by clonidine (100 g/m 2 orally) or GH releasing hormone (1 g/kg i.v.) ϩ arginine (0.5 g/kg i.v.) stimulation tests.
These results prompted us to reevaluate IGFBP-3 circulating forms in cord blood samples of 15 of 30 previously reported IUGR newborns (19) in whom we observed an inverse relationship between cord blood cortisol and first trimester length gain (r ϭ Ϫ0.54, p Ͻ 0.005). Ponderal index [weight (g)/ length (cm) 3 ϫ 100] was used as anthropometric measurement to discriminate between proportionate and nonproportionate IUGR newborns (22) . The investigation was approved by the Ethical Committee of the 'Tor Vergata' University Medical School, and written consent was obtained from all the parents.
Hormone and biochemical assays. Serum samples for baseline hormone assessments were collected between 0800 and 0900 h in fasting conditions. Serum IGF-I was measured by immunoradiometric assay (IRMA, Nichols Institute Diagnostics, San Juan Capistrano, CA, U.S.A.). The intraassay CV was 3.3-4.6%, the interassay CV was 9.3-15.8%, and the sensitivity limit was 0.78 nM. Serum IGF-II was measured by IRMA (Diagnostic Systems Laboratories Inc., Webster, TX, U.S.A.). The intraassay CV was 3.4 -6.5%, the interassay CV was 4.5-6.3%, and the sensitivity limit was 1.6 nM. Serum IG-FBP-3 was measured by IRMA (Diagnostic Systems Laboratories Inc.). The intraassay CV was 1.8 -3.9%, the interassay CV was 0.5-1.9%, and the sensitivity limit was 16.4 nM. IGFBP-1 was measured by IRMA (Medix Biochemica, Kauniainen, Finland). The intraassay CV was 3.4 -6%, the interassay CV was 7.4 -9%, and the limit of sensitivity was 0.4 g/L. Serum cortisol was measured by RIA (Byk-Sangtec Diagnostica, Dietzenbach, Germany). The intraassay CV was 2.1-4.0%, the interassay CV was 3.2-9.0%, and the sensitivity limit was 13.8 nM. Soluble IGF2R levels were assayed using a novel human-specific two-site sandwich ELISA according to the method of Costello et al. (23) . The interassay CV ranged from 9% to 15% and there was no cross-reactivity with IGF-II. Total and HDL cholesterol were measured enzymatically by an automatic photometric method (Boehringer Mannheim, Mannheim, Germany). For total cholesterol, the interassay CV was 3.1% at 4 mM, whereas for HDL cholesterol the interassay CV was 4.1% at 0.85 mM and 3.8% at 1.69 mM. Triglycerides 95 GROWTH, IGF SYSTEM, AND CORTISOL IN IUGR were analyzed enzymatically (Boehringer Mannheim), and the interassay CV was 1.6% at 2.45 mM and 3.2% at 1.23 mM. LDL cholesterol concentrations were calculated by the Friedewald-Fredrickson formula [LDL cholesterol ϭ total cholesterol Ϫ (HDL cholesterol ϩ triglycerides / 2.2)] (24).
Western immunoblot analysis. To visualize circulating proteolytic fragments of IGFBP-3, Western immunoblotting analysis was performed as previously described (4) . Briefly, after addition of nonreducing SDS sample buffer, serum samples (3 L) were processed by SDS-PAGE (12% gel). Separated proteins were electroblotted onto nitrocellulose filters in a Hoeffer semi-dry transphor unit (San Francisco, CA, U.S.A.). Filters were blocked with 1% BSA and sequentially incubated with sheep anti-IGFBP-3 antibody (kindly provided by Dr. J.M.P. Holly, University of Bristol, U.K.) overnight at 4°C and with goat anti-sheep IgG conjugated with horseradish peroxidase (Amersham International, Amersham, U.K.) for 2 h at room temperature. Filters were exposed to enhanced chemiluminescence reagents (Amersham) for 1 min at 20°C and exposed to hyperfilm ECL for 1 min to 1 h at 20°C. Densitometric analysis of bands was performed using a Bio-Rad GS 700 imaging densitometer (Bio-Rad, Richmond, CA, U.S.A.). The relative amount of each IGFBP-3 circulating fragment was estimated by calculating the absorbance of the fragment band over the sum of the intact IGFBP-3 and IGFBP-3 fragments in the same lane.
Statistics. Results are reported as the mean Ϯ SD. Differences between means were assessed using unpaired two-tailed t test and one-way ANOVA. Significance was assigned for p Ͻ 0.05. After ascertaining that all variables were normally distributed, the relationships among variables were evaluated by Pearson correlation. All the relationships among variables were controlled for the effect of pubertal stage and body mass index (z-score). A computer program was used for all statistical calculations (BMPD Statistical Software, SOLO 3.0, Los Angeles, CA, U.S.A.).
RESULTS
Anthropometric data of IUGR children are summarized in Table 1 . The CG group comprised 19 of 49 (39%) children who achieved or improved MPH (corrected height Ն0 zscore), whereas the NCG group comprised 30 of 49 (61%) IUGR children who showed a corrected height below 0 zscore. CG children showed significantly higher birth weight (p Ͻ 0.005), actual height (p Ͻ 0.005), and body mass index (p Ͻ 0.05), and lower MPH (p Ͻ 0.005) ( Table 1) . No significant difference in actual growth rate and ponderal index was found between the two groups.
No significant differences in IGF-I, IGF-II, IGFBP-1, IGFBP-3, and IGF2R levels, IGF-II/IGF2R ratio, and relative amounts of IGFBP-3 circulating forms were found between CG and NCG children ( Table 2) . None of the IGF system variables was related to anthropometric indices.
NCG children showed significantly higher concentrations of cortisol (p Ͻ 0.005; Table 2 ) and, in the whole group of 49 subjects (CG ϩ NCG groups), cortisol levels were inversely related to birth weight (r ϭ Ϫ0.34, p Ͻ 0.05), birth length (r ϭ Ϫ0.36, p Ͻ 0.05), and corrected height (r ϭ Ϫ0.44, p Ͻ 0.01; Fig. 1 ), whereas no relationship between cortisol concentrations and actual height velocity was found.
Although total and HDL cholesterol concentrations were not significantly different in the two groups, LDL cholesterol levels were significantly higher in NCG children (p Ͻ 0.05), and five of 49 (10%) of IUGR children showed LDL cholesterol concentrations Ͼ3.4 mM (130 mg/dL). LDL cholesterol was inversely related to birth weight (r ϭ Ϫ0.31, p Ͻ 0.05), corrected stature (r ϭ Ϫ0.32, p Ͻ 0.05), and actual height (r ϭ Ϫ0.31, p Ͻ 0.05), and directly related to the levels of IGF2R (r ϭ 0.44, p Ͻ 0.01). The IGF2R concentrations also correlated with total cholesterol (r ϭ 0.46, p Ͻ 0.01) and IGF-II levels (r ϭ 0.45, p Ͻ 0.01).
Western immunoblot analysis of IGFBP-3 revealed the presence of two major forms: the intact form represented by a doublet migrating at approximately 42-39 kD molecular weight, and the major product of proteolysis migrating at approximately 29 kD (Fig. 2) . Densitometry did not reveal any relationship between the relative amounts of the two IGFBP-3 Table 3 . IGFBP-3 immunoblot analysis revealed the presence of three different bands: the doublet approximately 42-to 39-kD band corresponding to the intact form of IGFBP-3, the major IGFBP-3 fragment migrating at approximately 29 kD, and a smaller fragment of approximately 18 kD (Fig. 3) . Densitometric analysis of bands showed that the intensity of the approximately 18-kD fragment was related positively to the length gain in the first trimester of life (r ϭ 0.65, p Ͻ 0.05; Fig. 4 ) and negatively to cortisol concentrations (r ϭ Ϫ0.67, p Ͻ 0.01; Fig. 5 ).
DISCUSSION
The vast majority of children born with IUGR (approximately 80%) show a CG in the first 2 years of life and achieve a final stature within the normal range according to their MPH (1, 2) . In this study, however, only 19 of the 49 IUGR children showed a height equal to or greater than their MPH. This finding may have two explanations. First, the selection of subjects may be involved, as all children enrolled in this study were recruited from our growth clinic where they were referred for a suspicion of growth retardation. Second, none of our children had yet achieved final height, and we cannot exclude the possibility of a further CG during puberty and adolescence (2) .
The observation that CG children were heavier at birth than NCG subjects suggests that prenatal weight gain may have long-term consequences on growth performance or that factors affecting intrauterine growth (i.e. genes) may continue to exert their negative influence during postnatal life as recently proposed (25) . Postnatal nutritional status, however, may play a crucial role in allowing CG, as suggested by the finding of a higher body mass index in CG children.
No significant difference in the IGF system-related variables was found in the two groups. This finding is consistent with previous reports showing that cord blood levels of IGFs and IGFBPs are not predictive of CG in IUGR children (3, 4) . However, height is the result of the dynamic and continuous process of growth, and we cannot rule out the possibility of a transient imbalance or insufficiency of the IGF system in critical periods of the growth process. GH secretory abnormalities and reduced levels of IGFs have recently been described in IUGR children, and GH therapy has been proposed to improve their growth (26 -31) . Our observation of no significantly different values of the IGF system-related variables in 23.6 Ϯ 9.8 IGFBP-3 ϳ18-kD fragment (OD) 0.33 Ϯ 0.22 IGFBP-3 ϳ29-kD fragment (OD) 0.65 Ϯ 0.52 Figure 1 . Relationship between cortisol concentrations and corrected height in IUGR children. Cortisol was determined by RIA. Corrected height (z-score) ϭ actual height (z-score) Ϫ MPH (z-score).
Figure 2.
Detection of IGFBP-3 forms by Western immunoblotting in sera from 13 IUGR children representative of the total 49 subjects. Serum samples (3 L), after addition of nonreducing SDS sample buffer, were processed by SDS-PAGE (12% gels) and electroblotted onto nitrocellulose filters. Nitrocellulose was incubated with sheep anti-IGFBP-3 antibody, and binding after incubation with goat anti-sheep IgG-conjugated horseradish peroxidase was detected using the enhanced chemiluminescence detection system. Autoradiographs were developed after 1-60 min of exposure. Molecular mass markers are indicated on the left.
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IUGR children who had caught up and those who did not questions the pathophysiologic role of IGFs (and consequently GH) in the growth failure of IUGR subjects. The CG was inversely related to cortisol levels: the higher the cortisol concentrations the lower the CG. Furthermore, we found an inverse relationship between cortisol and birth weight. This finding is consistent with the report of Phillips et al. (18) , showing plasma cortisol concentrations to be inversely related to birth weight and associated with raised blood pressure and insulin resistance in adults. Houang et al. (32) have recently reported that IUGR children may have a higher cortisol to cortisone ratio that was inversely related to height in childhood, and suggested a partial deficiency of 11␤-hydroxysteroid dehydrogenase type 2. In keeping with this observation, our results suggest that adrenal output of cortisol, although remaining within the normal range, may affect CG in IUGR children. It is tempting to speculate that intrauterine reprogramming of HPAA secondary to malnutrition or chronic stress may permanently influence adrenal function. A number of observations seem to be in accordance with our hypothesis. Exposure to glucocorticoids in utero has repeatedly been reported to result in hyperactivity of the HPAA in postnatal life (33) . IUGR children have been shown to present an exaggerated adrenarche, and a reprogramming of adrenal secretion of dehydroepiandrosterone has been proposed (34) . In addition, it is interesting to note that two dexamethasone-treated fetuses with congenital adrenal hyperplasia have been reported to have severe postnatal growth failure (35) . On the other hand, we have recently reported that children with a congenital form of chronic adrenal insufficiency such as familial glucocorticoid deficiency are tall (36) .
Glucocorticoids are potent modulators of the IGF system, being able to reduce the local expression of IGF-I (37, 38) and increase that of a potent inhibitor of IGF-I such as IGFBP-1 (39, 40), and we first described the close relationship of cortisol with IGF-I (negative) and IGFBP-1 (positive) in human cord blood (19) .
Reanalysis of cord blood samples from IUGR newborns in whom we previously reported an inverse correlation between cortisol levels and the length gain in the first trimester of life (19) has enabled us to observe an inverse relationship between cortisol and the smaller IGFBP-3 fragment, which, in turn, directly correlated with the first trimester length gain. This finding suggests a novel mechanism by which cortisol might negatively modulate growth at least during the perinatal period: by influencing IGFBP-3 proteolysis. If, as suggested (4), IGFBP-3 proteolysis increases IGF bioavailability in IUGR infants, thus allowing early CG in most of them, cortisol-induced inhibition of IGFBP proteolysis might affect early length gain and compromise longterm growth. However, IGFBP-3 immunoblot analysis during childhood failed to detect the 18-kD fragment, and no relationship was demonstrated between cortisol and the approximately 29 kD fragment relative amount, indicating that the inverse relationship between cortisol levels and IGFBP-3 proteolysis seems to be limited to perinatal period and, probably, to the protease yielding the 18-kD fragment. The potential mechanisms used by glucocorticoids to reduce IGFBP-3 proteolysis in vivo are unknown at the moment. We previously reported that the addition of cortisol (50 -1000 nM) to normal adult serum coincubated with a protease-rich serum from pregnant woman during the third trimester failed to inhibit IGFBP-3 proteolysis (41), whereas 12-h cortisol treatment (100 and 500 nM) of human neuroblastoma cells (SH-SY5Y line) appeared to reduce IGFBP-3 proteolysis in cell medium (41) .
A high proportion of our IUGR children (almost 10%) showed abnormally elevated LDL cholesterol levels, which were significantly increased in NCG subjects. This finding is consistent with a recent report showing increased LDL cholesterol levels in almost 9% of IUGR children (42) . Furthermore, our data indicate that poor CG is associated with higher LDL cholesterol concentrations as recently suggested (43) .
The soluble form of IGF2R results from proteolytic cleavage of the transmembrane region of the intact receptor and, by binding IGF-II, induces its degradation and inhibits its mitotic actions (44, 45) . Despite their mutual antagonism, or in virtue of this, IGF-II and IGF2R concentrations have been found to be positively related (46) as observed in our IUGR children. Our observation of the relationship of IGF2R levels with total and LDL cholesterol concentrations is challenging. Although association does not prove causality, it is noteworthy that when cholesterol accumu- lates in intracellular late-endosomes, the bidirectional traffic of IGF2R between trans-Golgi network and late-endosomes is altered, causing an increase of IGF2R in these organelles (47, 48) . Therefore, at the intracellular level, altered cholesterol concentrations are able to redistribute IGF2R, and similarly, an effect of increased cholesterol circulating levels on the soluble form of IGF2R might be hypothesized, although the physiologic significance appears, at the moment, unclear.
In conclusion, our results suggest that CG in IUGR children might be affected by intrauterine reprogramming of the HPAA, which may result in a permanent modification of the neuroendocrine response to stress. Children with increased cortisol secretion may be at higher risk of growth failure. In the neonatal period, cortisol might act by limiting IGFBP-3 proteolysis and, therefore, reducing IGF bioavailability.
